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PART  I 

RESUME 


RESUME' 


1.1  Project  "Rufus"  was  initiated  on  8  July  1962  for  the- purpose 
of  selecting  a  suitable  site  for  field  testing  the  response  of  a 
typical  Minuteman  missile  installation  to  the  detonation  of  a  nuclear 
device  of  one  megaton  or  greater  yield.  The  Project  "Rufus"  study 
eliminated  several  sites  in  different  parts  of  the  world  and  selected 
three  sites,  all  in  Alaska,  for  further  study.  These  were;  (1) 
Amchitka  Island,  (2)  Nofth  Slope  of  the  Brooks  Range,  and  (3)  Chirikof 
Island,  which  is  to'^be  held  in  reserve.  Project  "Larkspur"  was 
initiated  in  April  1963  to  further  study  the  three  Alaska  sites.'  One 
of  the  conclusions  of  the  "Rufus"  study  was  that  Amchitka  Island  is 
the  only  site  where  a  nuclear  detonation  of  10  megatons  or  larger 
yield  can  be  tested  safely.  It  was  also  concluded  that  safe  yield 
limits  on  the  North  Slope  of  the  Brooks  Range  were  2  to  10  megatons, 
and  for  Chirikof  Island,  2  megatons. 

This  report  summarizes  results  of  field  and  office  studies  to 
date,  and  makes  a  partial  evaluation  of  the  Amchitka  Island  portion 
of  the  "Larkspur"  project.  Four  specific  areas  were  studied  over 
the  length  of  the  Island,  and  each  was  evaluated  Insofar  as  possible 
with  respect  to  design  criteria  set  forth  in  the  "Rufus"  report. 

Except  for  Area  2  which  was  inaccessible  to  drilling  equipment,  each 

( 

site  was  investigated  with  a  120-foot  deep  core  boring,  which 
approximates  the  depth  of  a  Minuteman  missile  silo.  Sample  cores  ' 
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from  each  drilled  site  have  been  subjected  to  comprehensive  testing 
'  procedures  by  both  USGS  and  Corps  of  Engineers.  A  complete  dis¬ 
cussion  on  results  of  the  Corps  of  Engineers'  testing  program  is 
included  as  an  appendix  to  this  report. * 


TENTATIVE  CONCLUSIONS  AND  RECOMMENDATIONS 

1.2.1  Of  the  four  Areas  investigated.  Area  3  appears  to  be  the 
least  desirable  from  the  standpoint  of  relatively  weak  rock  forma¬ 
tions,  related  landslide  conditions,  and  associated  construction 

'I 

problems.  Some  portions  of  Area  2  may  have  similar  limitations  but 
not  to  the  same  degree  as  exist  in  Area  3. 

1.2.2  The  following  tentative  conclusions  have  been  evaluated  with 

respect  to  specific  design  criteria  as  set  forth  in  the  "Rufus" 
project:  (See  page  11). 

Topography.  Areas  3  and  4  have  the  most  favorable  topo¬ 
graphic  features  with  respect  to  design  slope  criteria. 

(b)  Overburden.  Overburden  in  all  Areas  is  generally  less 
than  ten  feet  deep.  The  soils  in  Area  1  and  probably  Area  2  are 
unsaturated,  however,  they  are  believed  to  be  saturated  in  Areas  3 
and  4. 

Bedrock  Properties.  The  USCS  has  conducted  field  and  labora¬ 
tory  tests  to  determine  the  following  pertinent  bedrock  (and  soil)  • 
parameters  at  each  Area:  sonic  velocities,  dynamic  elastic  constants, 
resistivity,  dielectric  constants,  and  magnetic  permeabilities.  Two 
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comprehensive  reports  on  the  results  of  these  tests  are  being  compiled 
by  uses.  The  Corps  of  Engineers  has  conducted  tests  on  core  samples 
from  Areas  1,  3  and  4  for  determinations  of  moisture,  density,  com¬ 
pressibility  and  elastic  constants.  The  complete  results  and  dis- , 
cussion  of  these  tests  are  included,  in  the  appendix.  While  the  rock 
tests  conducted  by  the  Corps  of  Engineers  were  not  performed  on  a 
scale  that  would  permit  positive  identification  of  elastic  constants 
for  the  various  materials  At  the  sites,  they  indicate  certain  values 
for  some  materials.  More  importantly,  they  indicate  a  range  of  defor¬ 
mations  in  which  elastic  properties  exist,  and  they  indicate  that 
elastic  properties  are  probably  variables  rather  than  constants.  This 
being  the  case,  selected  design  values  would  have  to  consider  the 
conditions  of  loading. 

(d)  Groundwater.  From  the  standpoint  of  shallow  surface 
lakes  and  probable  high  perched  water  tables.  Areas  3  and  4  are 
the  least  favorable.  Although  these  lakes  could  be  drained,  the 
impervious  soil  materials  would  continue  to  exist  in  or  near  a  state 
of  saturation. 

1.2.3  Other  Considerations 

The  following  conclusions  have  been  evaluated  with  respect 
to  important  considerations  other  than  the  criteria  set  forth  in 
the  "Rufus"  project. 

(a)  Logistics.  Area  4  has  the  most  favorable  logistics 
situation  because  of  its  proximity  to  the  main  island  airfield 
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and  to  existing  harbor  facilities  along  some  10  miles  of  relatively 
good  road.  (This  latter  advantage  could  also  be  a  major  disadvantage 
due  to  probable  blast  damage  to  these  same  facilities  during  a  test) . 

(b)  Access.  With  respect  to  ease  of  access,  the  4  sites  rank 
in  the  following  order  of  preference;  Area  4,  Area  3,  Area  1  and 
Area  2.  A  large  scale  major  road  building  program  will  be  required 
to  effectively  negotiate  the  mountainous  northern  terrain  of  Amchitka 
Island  in  which  Area  1  and  Area  2  are  located.  Both  Area  1  and  Area  2 
do  have  passable  beach  approaches  which  could  probably  be  employed 

as  supplementary  access  by  landing  craft  vessels  both  during  and  after 
road  building  operations. 

(c)  Blast  Damage.  Areas  1  and  2  have  the  most  favorable 
location  with  respect  to  minimum  blast  damage  to  supply  installations 
near  the  south  end  of  the  island.  Area  2  could  have  an  additional 
advantage  in  this  regard  due  to  its  600  foot  deep  bowl  shaped 
topography. 

(d)  Concrete  Aggregate.  To  adequately  simulate  a  missile 
complex  comparable  to  installations  at  Malmstrom  and  Warren  Air 
Force  Bases,  a  high  quality  structural  concrete  will  be  required. 

It  is  almost  certain  that  the  only  satisfactory  source  of  high 
quality  concrete  aggregates  on  Amchitka  Island  will  be  from  crushed 


ledge  rock.  Suitable  sources  of  this  material  are  not  always  con-  ' 
veniently  situated  with  respect  to  need.  Areas  2  and  4  appear  to  be 
most  favorably  situated  with  regard  to  nearby  sources  of  satisfactory 
ledge  rock  for  concrete  aggregate. 
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1.2.4  Tentative  Ranking  of  Sites 


On  the  basis  of  all  Corps  of  Engineer  studies  concluded  to 
date,  the  order  of  site  preference  would  tentatively  be  Area  4,  Area 
1,  Area  2  and  Area  3.  It  is  to  be  noted  that  this  listing  must  be 
considered  tentative  until  all  USGS  testing  and  evaluation  has  been 
completed,  and  until  a  definite  ranking  of  all  controlling  criteria 
has  been  established  by  higher  authority. 

■1.2.5  Recommendations 

(a)  It  is  recommended  that  a  field  reconnaissance  be  conducted 
by  Corps  of  Engineer  personnel  to  establish  definite  sources  of  suit- 
able  concrete  aggregate  for  each  area  considered  as  soon  as  weather 
permits.  This  could  be  particularly  important  to  the  development 

of  possible  missile  complexes  at  either  Areas  1  or  3. 

(b)  It  is  also  recommended  that  a  study  of  beach  landing 
sites  for  Areas  1  and  2  be  made  by  a  qualified  expert  as  a  possible 
means  of  supplementary  access  to  these  sites  during  (and  after)  new 
road  construction. 
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HISTORICAL  BACKGROUND  OF  PROJECT 


1.2  A  letter  dated  8  October  1962  from  Defense  Atomic  Support 
Agency  (DASA)  to  the  Nevada  Operations  Office  of  the  Atomic 
Energy  Commission,  was  the  first  of  a  series  of  actions  which  led 
to  the  inauguration  of  Project  "Rufus".  This  project  was  to  be 
a  world  wide  search  for  a  site  or  sites  vAere  nuclear  devices  of 
approximately  yield 

mHH^pcould  be  safely  detonated  on  or  near  ground  surface.  ■  The 
primary  purpose  for  the  planned  nuclear  event  or  events  was  a 
full  scale  response  test  of  a  typical  Minuteman  missile  system 
to  ^^^oced  electromagnetic  and  seismic  impulses.  A  secondary 
purpose  was  to  find  a  site  that  would  be  suitable  for  effects 
tests  of  nuclear  explosions,  device  testing,  and  Plowshare 
experiments. 


The  Project  "Rufus"  search  included  only  the  conterminous 
United  States,  Alaska,  Carribbean  area,  and  the  Pacific  Islands 
under  United  States  control.  The  main  site  criteria  looked  for 

r 

besides  safety,  was  that  the  areas  considered  should  be  as 
similar  as  possible  to  the  Minuteman  missile  sites  at  Malmstrom 
and  Warren  Air  Force  Bases,  The  Project  "Rufus"  study  eliminated 
all  but  three  areas  because  of  political  ramifications  or  popu- 
latjion  considerations.  Further  evaluation  studies  were  therefore 


recommended  to  be  carried  out  only  at  Amchitka  Island  and  the 

...  1 

North  Slope  of  the  Brooks  Range.  A  third  choice,  Chirikof 

'i 
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Island,  was  to  be  held  in  reserve.  Field  site  evaluation  studies  on 
Amchitka  and  on  the  North  Slope  of  the  Brooks  Range  were  to  be 
conducted  under  the  project  code  name  "Larkspur". 

Planning  for  Larkspur  was  completed  and  field  investigations 
were  about  to  begin  in  the  summer  of  1963  when  the  test  ban- treaty 
was  signed  on  26  July  1963.  All  impending  field  operations  were 
therefore  cancelled. 

During  the  summer  of  1964,  field  investigations  were  started 
on  Amchitka  Island  for  a  project  unrelated  to  Larkspur.  This  pro¬ 
ject  was  being  conducted  under  the  code  name  "Long  Shot"  and  pro¬ 
vided  a  convenient  screen  for  contemporaneous  completion  of  the 
Amchitka  portion  of  Project  Larkspur.  Exploration  on  the  North  Slope 
of  the  Brooks  Range  has  been  deferred  until  some  later  date. 
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PART  2 


INTRODUCTION 


2.1.1  Geography «  Amchitka  Island  in  the  Rat  Islands  group  of 
the  Aleutian  Islands,  is  located  between  178®37*  and  179^29*  East 
longitudes  and  51®21‘  and  51^39*  North  latitudes,  (See  Figure  1). 
The  island  is  elongate  towards  the  northwest  which  is  the  trend  of 
this  segment  of  the  Aleutian^arc.  It  is  approximately  35  miles  long 
and) from  3  to  5  miles  wide. 

The  island, contains  landforms  of  varied  aspect,  ranging 
from  rugge^  mountains  over  1,100  feet  high  in  the  northwest,  to 
a  low  tundra  plateau  in  the  southeast  covered  with  shallow  ponds 
and  small  lakes.  These  ponds  do  not  necessarily  occupy  bedrock 
depressions,  but  are  usually  confined  only  by  impervious  organic 
soil  and  turf. 

2.1.2  Ecology,  Tundra  growth  covers  the  entire  island  except  on 
the  steepest  cliff  faces,  exposed  ridges  and  on  the  wave  swept 
rock  benches  above  mean  tide  level.  There  are  no  trees  anywhere 
on  the  island. 

Large  numbers  of  water  fowl,  sea  birds,  rats,  sea  otters, 
and  seals  inhabit  Amchitka  and  Its  environs.  The  surrounding 
waters  are  the  maturing  ground  for  salmon  who  spawn  In  Asia  and 
North  America.  Ecology  will  be  the  subject  of  a  following  report 
by ^another  agency. 

2.1.3  Climate.  Amchitka  Island  lies  along  the  North  Pacific  belt 
of  storms  and  therefore  its  maritime  climate  is  characterized  by 
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abundant  wind,  rain  and  fog.  Climatological  records  from  1942  to 
1948  at  the  airfield  showed  summer  winds  to  average  20  MPH  and 
seldom  exceed  70  MPH  while  winter  winds  averaged  25  MPH  and  have 
frequently  exceeded  100  MPH.  Precipitation  averaged  35  inches 
annually,  including  70  inches^of  snowfall. 

2.1.4  Former  Habitation.  Although  it  once  supported  a  large  Aleut 
population,  Amchitka  is  now  deserted.  The  nearest  populated  areas 
are  about  200  miles  away  on  Shemya  Island  in  the  Near  Island  group 
and  on  Adak  Island  in  the  Andreanof  Islands  with  the  exception 
of  occasional  trappers  on  several  of  the  neighboring  islands. 
Between  1943  and  1950,  th^  Island  was  occupied  by  the  military. 

A  usable  paved  airfield  and  a  docking  facility  which  has  been 
damaged  by  storms  are  among  the  remnant  structures  of  this  military 
occupancy.  A  former  military  road  traverses  the  entire  length  of 
the  Island,  but  is  impassable  to  conventional  vehicles  on  the 
northern  half  of  the  island.  This  road  connects  with  a  beach  at 
the  northern  extremity  of  the  island  which  is  believed  to  have  been 
used  for  landing  craft  access. 
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GENERAL  GEOLOGY  OF  AMCHITKA  ISLAND 


) 


2.2  Amchitka  Island,  one  of  the  islands  of  the  Aleutian  Chain 
is  composed  almost  entirely  of  Tertiary  volcanic  strata.  The 
regional  geologic  structure,  of  Amchitka  is  closely  related  to 
the  block  faulting  of  this  segment  of  the  Aleutian  Submarine  Ridge 
which  is  tilted  toward  the  Aleutian  Trench.  The  island  itself  has 
been  locally  disturbed  by  further  faulting,  differential  uplift, 
and  has  been  dissected  by  marine,  stream,  and  glacial  erosion.  Rock 
strata  generally  dip  gently  to  the  south  and  southeast  over  most  of 
the  island. 

Except  for  several  small  bodies  of  quartz  diorite  near  the 
southeast  end  of  the  island,  the  exposed  primary  rocks  are  of 
andesitic  and  basaltic  composition,  principally  in  the  form  of  well 
indurated  explosion  breccias  and  tuffs  with  minor  extruslves  and 
intrusives.  There  are  also  minor  amounts  of  volcanic  conglomerate, 
sandstone,  siltstone,  and  shale  formed  during  Tertiary  time  by 
mechanical  breakdown  of  the  primary  volcanic  rocks. 

The  most  prominent  structural  features  of  the  island  geology 
are  faults  and  well-developed  joint  systems  which  are  easily 
discernible  as  lineations  on  aerial  photographs.  Topographic  and 
physiographic  features  are  usually  well  developed  along  many  of  these 
joint  and  fault  systems. 
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GENERAL  DESIGN  CRITERIA 

2.3  Design  criteria  were  outlined  in  the  earlier  Rufus  and  ' 
Larkspur  reports.  The  site  selected  is  to  possess  qualities 
similar  to  the  Minuteman  Installations  at.  Malmstrom  and  Warren 
Air  Force  Bases  including  specifically: 

2.3.1  Topography.  A  relatively  flat  area  two  miles  in 

'  diameter  is  desired  in  which  the  average  slope  is  less  than  1 
vertical  to  30  horizontal.  Topographic  features  within  this  two 
mile  circle  should  be  noncentral  and  of  limited  extent.  The 
minimum  requirement  is  that  at  least  one  radius  of  the  circle 
have  a  slope  of  1  vertical  to  30  horizontal  or  less. 

2.3.2  Overburden  Properties. 

a.  Thirty  feet  deep  or  less 

b.  Unsaturated  and  relatively  dry 

c.  Seismic  velocity  2,000  to  4,000  ft/sec. 

2.3.3  Bedrock  Properties. 

a.  Strata  relatively  flat  lying 

b.  Water  content  less  than  25  percent  by  weight 
..c.  Seismic  velocity  4,000  to  10,000  ft/sec. 

d.  Resistivity  average  8  to  84  ohm-meters  with  a 
minimum  of  5  and  a  maximum  of  500  ohm-meters. 

e.  Non-crystalline 
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2.3.4  Water  Table.  Eighty  feet  or  greater  depth  from  ground 
surface. 

The  foregoing  site  characteristics  are  not  necessarily 
listed  in  the  order  of  their  importance  to  the  project. 
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PART  3 

SITE  EVALUATION 


AREA  1 


3.1.1  Location.  Area  1  is  the  most  northerly  of  the  four  greas 
under  study.  It  is  approximately  30  miles  from  the  airfield  at  the 
south  end  of  Amchitka.  (See  Figures  2  and  4). 

3.1.2  Access.  Access  to  Area  1  is  a  difficult  problem.  The  existing 
road  which  passes  through  Area  1  has  a  poor  road  bed  and  grades  which 
approach  60  percent.  Four  wheeJL  drive  vehicles  with, winches  were  able 
to  traverse  the  present  road  to  Area  1  from  the  south,  but  only  with 
great  difficulty.  This  road  leads  to  a  beach  at  Bird  Cape  Camp  some 
3%  miles  northwest  of  Area  1,  This  beach  could  probably  be  utilized 
by  landing  craft  as  a  means  of  supplementary  access.  A  short,  rough 
airstrip  1000  feet  long  and  25  feet  wide  lies  2%  miles  northwest  of 
core  hole  64-D-4,  Supplementary  access  by  helicopter  to  Area  1  is 
also  possible  but  would  be  very  sharply  limited  by  frequent  fog  and 
high  winds. 

3.1.3  Site  Evaluation  as  to  Design  Criteria. 

(a)  Topography.  Area  1  satisfies  the  minimum  requirements 
for  topography.  (See  Figure  4,  Plates  1  and  12,  and  Photo  22). 

(b)  Overburden  Properties.  The  overburden  as  shown  in  core 
hole  64-D-4  is  approximately  4  feet  deep,  coarse  grained  with  small 
quantities  of  fines.  All  the  soil  is  residually  derived  from  the 
underlying  bedrock  and  probably  is  not  saturated.  Seismic  velocities 
will  be  reported  soon  by  the  U.  S.  Geological  Survey. 
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(c)  Bedrock  Properties.  Bedrock  at  core  hole  64-D-4  consists 
of  approximately  60  feet  of  volcanic  breccia  overlying  a  welded  tuff 
which  extends  at  least  to  the  bottom  of  the  120  foot  deep  core  hole. 

(See  Core  Photos  25^  to  28  and  Plates  5  and  8),  Welded  tuff  is  similar 
to  a  flow  rock  and  as  such,  may  not  be  as  desirable  for  a  pragmatic 
test  which  involves  a  planned  comparison  with  sedimentary  rock  types 
at  Malmstrom  and  Warren  Air  Force  Bases.  Average  water  content  of 
the  rock  is  approximately  6  percent  by  weight.  Seismic  velocities, 
electrical  properties,  and  other  pertinent  physical  characteristics 

of  the  bedrock  at  Area  1  will  be  forthcoming  in  a  U.  S.  Geological 
Survey  report.  Moisture  contents,  densities,  and  static  elastic 
constants  are  Included  in  an  appendix  to  this  report. 

(d)  Water  Table.  Drilling  mud  level  24  hours  after  comple¬ 
tion  of  core  hole  64-D-4  was  at  42  feet,  and  not  down  to  the  txrue 
water  table.  There  are  no  perched  water  tables  in  the  immediate 
vicihity  of  the  core  hole. 

3.1.4  Additional  Considerations. 

(a)  Blast  damage  to  the  facilities  at  the  south  end  of  the 
island  by  an  air  burst  at  Area  1  will  be  less  than  at  Areas  3,  4 
and  possibly  2. 

(b)  A  suitable  quarry  for  high  quality  manufactured  concrete 
aggregate  is  believed  to  exist  4%  miles  east  of  the  site,  but  will 
have  to  be  located  by  field  reconnaissance. 
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(c)  Supplemental  access  by  landing  craft  may  be  possible  at 
the  beach  at  Bird  Cape  Camp  some  3%  miles  from  Area  1,  but  additional 
studies  should  be  performed  by  a  qualified  expert  to  determine -adequacy 
for  landing  craft  type  vessels. 


CONTBOU 


AREA  2 


3.2  Because  the  difficulty  of  present  access  to  Area  2,  no 

borings  or  systematic  surface  examinations  were  performed  at  this 

r  '■  >  .  ^ 

site.  Evaluation  studies  on  Area  2-^must  therefore  be  limited  to 

interperative  studies  of  maps  and  to  general  geologic  features  which 
can  be  relatively  safely  extrapolated  from  other  investiga''ted  areas 
of  the  island.  The  following  site  evaluation  is  offered  with  these 
limitations  in  mind.  . 

3.2.1  Location.  Area  2  is  situated'  in  the  mountainous  northern  end 

V 

of  Amchitka  Island  neai  the  eastern  coast,  and  approximately  25  air 
miles  northwest  of  the  airfield.  (See  Figures  2  and  5). 

3.2.2  Access.  Access  to  Area  2  is  at  present  extremely  difficult 
for  conventional  vehicles.  Not  only  is  the  existing  road  bed  in  a 
poor  state  of  repair,  but  it  has  grades  up  to  60  percent  and  can  be 

traversed  only  by  four  wheel  drive  vehicles  with  winches.  In  addition, 

'  ) 

this  existing  road  passes  no  nearer  than  three  quarters  of  a  mile  to  the 
center  of  Area  2.  > 

A  natural  harbor,  three  quarters  of  a  mile  northwest  of  the 
center  of  Area  2,  is  probably  suitable  for  handling  landing  craft 
for  supplemental  access.  Maximum  natural  grades  from  the  beach  to 
the  center  of  the  area  approach  23  percent  but  reasonable  access 


grades  could  be  established.  Cargo  helicopters  would  probably  have 


to  be  ruled  out  as  a  form  of  transport  due  to  extreme  winds  and  fre- 
quent  heavy  fog. 
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3.2.3  Site  Evaluation  as  to  Design  Criteria. 


(a)  Topography.  Area  2  meets  the  minimum  requirements  for 
topography.  (See  Figure  5  and  Plate  2).  This  Area  is  shaped  like 
a  large  tilted  bowl  open  to  the  northwest.  Hills  rise  to  over 
1100  feet  less  than  a  mile  away  to  the  north,  east  and  south. 

(b)  Overburden  Properties.  Overburden  is  expected  to  be 
5  feet  or  less  and  not  saturated. 

(c)  Bedrock  Properties.  Bedrock  is  a  well  indurated,  hydro- 
thermally  altered  volcanic  breccia.  Seismic  velocities  and  electrical 
properties  of  these  formations  will  be  forthcoming  in  a  U,  S.  Geological 
Survey  report  and  are  based  upon  a  geophysical  field  survey  of  the 

area  performed  by  the  USGS, 

(d)  Water  Table.  Water  table  is  expected  to  be  40  feet  deep 
or  less. 

3.2^^  Additional  Considerations.  ' 

(a)  Shielding  by  the  hills  to  the  south  of  the  Area  may 
reduce  blast  damage  to  the  south  end  of  the  island  provided  the  f 
event  takes  place  below  1000  feet  elevation, 

„  (b)  Some  evidence  exists  that  portions  of  Area  2  may  be  in  a 

zone  of  potential  landslide  activity.  This  possibility  will  have  to 
have  further  investigation  by  field  reconnaissance. 

(c)  A  suitable  quarry  for  high  quality  concrete  aggregate 
is  believed  to  exist  within  one  mile  of  Area  2  but  will  have  to  be 
definitely  located  by  field  reconnaissance. 
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(d)  A  field  examination  of  the  beach  at*4the  natural  harbor 
immediately  adjacent  to  Area  2  should  be  performed  by  a  qualified 
expert  to  determine  adequacy  for  landing  craft  type  vessels  as  a 
possible  supplementary  access  during  and  after  road  building  activity. 


rrrtPV  //  OF  <-.nPIEa 

pArstr  2  2  r>g  4  4  paces 
CONTROL  » 


AREA  3 


3.3.1  Location.  Area  3  lies  approximately  18  air  miles 

northwest  of  the  airfield  on  a  tundra  plateau  in  the  central 
portion  of  Amchitka  Island.  (See  Figures  2  and  6).  The  site  is 
just  inland  from  Chitka  Point.  '- 

3.3.2  Access.  Access  to  Area  3  is  almost  as  good  as  to  Area 
4.  The  existing  road  between  Areas  3  and  4  is  now  passable  to  two 
wheel  drive  vehicles  but  would  have  to  be  reinforced  to  carry  heavy 
construction  equipment.  The  maximum  grade  on  this  road  is  approxi¬ 
mately  7  percent. 

3.3.3  Site  Evaluation  as  to  Design  Criteria. 

Topography.  Area  3  more  than  meets  the  minimum 
requirements  for  topography,  but  has  steep  slopes  to  the  north¬ 
east  where  a  large  landslide  has  interrupted  the  landscape, 

(See  Figure  6  and  Plate  3,. Photos  Cl  to  C6  of  Area  3  and  Photos  8- 
to  16,  23,  24).  There  are  indications  this  slide  is  working  its 
way  towards  core  hole  64-D-2  and  the  stability  of  this  slope  would 
be  in  question  if  it  were  suddenly  loaded,  such  as  by  an  air  burst 
of  high  yield. 

(b)  Overburden  Properties.  Overburden  in  core  hole 
64-D-2  is  a  residual  soil  formed  from  the  underlying  volcanic 
conglomerate.  The  soil  of  peat  and  bouldery  silt  is  saturated  and 
approximately  3  feet  thick.  Seismic  velocities  of  the  overburden  are 
to  be  included  in  a  forthcoming  report  by  the  U.  S.  Geological  Survey, 
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(c)  Bedrock  Properties.  Bedrock  encountered  to  120  feet  in 
core  hole  64-D-2  is  a  poorly  consolidated  volcanic  congloine;rate. 

This  conglomerate  is  exposed  over  most  of  the  surface  within  a  mile 
radius  of  the  core  hole,  and  extends  1%  miles  north,  where  it  overlies 
an  andesite  breccia,  (See  Plates  6,  9  and  Core  Photos  29  to  31),  The 
core  hole  had  drilling  prol>lems  due  to  running  gravel,  soft  sand, 

and  water  loss.  Excavations,  particularly  to  depths  of  120  feet, 
will  require  shoring  or  resloping.  Two  core  samples  showed  an  average 
of  16  percent  moisture  by  weight,  but  this  value  may  be  low,  as  some 
drying  may  have  taken  place  prior  to  testing.  Seismic  velocities, 
electrical  properties  and  other  pertinent  physical  characteristics 
of  the  bedrock  in  Area  3  will  be  shown  in  a  forthcoming  U,  S, 
Geological  Survey  report.  Moisture  contents,  densities,  and 
some  static  elastic  constants  are  included  in  an  appendix  to  this 
report, 

(d)  Water  Table,  Core  hole  64-D-2  was  drilled  with  mud. 

Fluid  levels  at  the  completion  of  drilling  and  2  months  later  were 
1  and  2  feet  deep  respectively.  This  probably  is  the  reflection  of 
a  perched  water  table  or  of  a  hole  sealed  by  mud  and  is  not  a  true 
gravity  water  table.  The  following  lines  of  evidence  strongly 
suggest  that  the  true  water  table  is  at  a  minimum  of  91  feet  depth; 

(1)  loss  of  all  drilling  fluid  at  91  feet,  and  (2)  pronounced  iron 
oxide  staining  to  a  depth  of  60  feet  suggesting  percolation  of 
surface  waters  down  to  a  static  water  table  at  or  below  this  point. 
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3.3.4  Additional  Considerations.  A  quarry  of  definitely  knovm 
suitability  for  the  manufacture  of  high  quality  concrete  aggregate 
is  located  approximately  12%  miles  to  the  southeast.  Further 
reconnaissance  may  disclose  suitable  aggregate  sources  much  closer.^ 

3.3.5  General  Comments.  Area  3  is  hot  considered  to  be  an 
adequate  site  because  a  portion  of  it  includes  a  large  slide - 
susceptible  area,  and  because  of  the  widespread  occurrence  of 
lesser  quality  rock  materials.  The  present  slide  area  would  expand 
by  high  loading  from  an  air  burst,  to  ^e  point  where  it  could 
influence  any  structures  built  in  Area  3. 
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AREA  4 


3.4.1  Location.  Area  4  lies  approximately  10  miles  north¬ 
west  of  the  airfield  on  a  tundra  plateau  in  the  central  portion 
of  Amchitka  Island.  (See  Figures  2  and  7).  The  site  is  the  most 
southerly  of  the  4  areas  under  study. 

3.4.2  Access.  Area  4  is  the  most  accessible  of  the  Areas 

tnm  Mmmmrnm  !■■■  ■  ■  wm  ^ 

with  a  very  serviceable  road  passing  through  it  from  the  docking 
area  and  main  airfield.  The  maximum  grade  on  this  road  is  approxi¬ 
mately  7  percent  and  is  presently  passable  by  all  conventional  type 
vehicles  but  will  need  reinforcing  for  heavy  construction  vehicles. 

3.4.3  Site  Evaluation  as  to  Design  Criteria. 

(a)  Topography.  Area  4  is  the  flattest  of  the  four 
areas  under  study  and  meets  more  than  the  minimum  requirements  for 
topography.  (See  Figure  7,  Plate  4,  Photos  17  to  21  and  Cl  to  C4 
of  Area  4). 

(b)  Overburden  Properties.  -The  overburden  at  core 
hole  64-D-3,  in  the  center  of  Area  4,  is  approximately  4  feet 
deep,  thoroughly  saturated,  and  residual ly  derived  from  the  under¬ 
lying  bedrock.  Overburden  seismic  velocities  will  be  reported 

in  a  soon  to  be  released  report  by  the  U.  S.  Geological  Survey. 

(c)  Bedrock  Properties.  Bedrock  at  core  hole  64-D-3 
is  ,a  volcanic  breccia  as  described  and  shown  on  Plates  7,  10  and 
Core  Photos  32  to  35.  Bedding  appears  to  dip  between  10  and  20 
degrees  to  the  East.  Water  content  from  a  core  sample  was  12.2 
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percent  by  weight,  but  some  drying  may  have  taken  place  before  testing. 
Seismic  velocities,  electrical  properties,  and  other  pertinent  bed¬ 
rock  characteristics  at  Area  4  will  be  forthcoming  in  a  U,  S.  Geological 
Survey  report.  Moisture  contents,  densities  and  some  static  elastic 
constants  are  included  in  an  appendix  to  this  report. 

(d)  Water  Table.  True  water  table  depth  appears  to  be  around 
75  feet  deep  as  suggested  by  staining  on  the  rock  cores.  A  perched 
water  table  is  encountered  within  2  feet  of  the  ground  surface.  The 

water  table  as  measured  in  core  hole  64-D-3  was  1  foot  below  the 

surface  at  the  completion  of  drilling,  and  2  months  later  was  at  4 

feet.  It  must  be  pointed  out  that  /the  hole  was  drilled  with  mud  and 

the  four  foot  level  is  probably  not  the  true  level  of  the  water  table. 
3.4.4  Additional  Considerations. 

(a)  The  closeness  of  Area  4  to  the  main  airbase,  docking 

facilities  and  living  facilities  could  also  be  a  detriment,  because 
the  supply  installations  may  suffer  considerable  damage  from  an  air 
burst  at  Area  4.  . 

(b)  Area  4  is  the  closest  to  a  quarry  of  definitely  known 

suitability  for  the  manufacture  of  high  quality  concrete  aggregate, 

'  ’  *  ;  .  • 

Access  to  the  quarry  from  Area  4  is  along  four  miles  of  good  roads 
with  no  unusually  steep  grades.  Further  reconnaissance  may  disclose 
suitable  aggregate  sources  even  closer  to  the  Area. 

(c)  No  unusual  construction  problems  for  a  missile  complex 
are  anticipated  in  this  area, 

COPY,  {/  OF,  72  ’r;r>p|g^ 

PAGE - ^-Z-OF-..dLSLj*AGES 

CONTROL 


23 


PART  4 

REFERENCES 


REFERENCES 


1.  Howard  A.  Powers,  Robert  R.  Coats,  and  Willis  H.  Nelson;  "Geology 
and  Submarine  Physiography  of  Amchitka  Island  Alaska";  Geological 
Survey  Bulletin  1028-P,  1960;  U.  S.  Gov't.  Printing  Office, 
Washington,  D.  C.;  Unclassified, 


2.  William  S,  Twenhofel,  editor;  "Project  Rufus  Site  Selection";  May 
1963;  U.  S.  Atomic  Energy  Commission,  Nevada  Operations  Office, 
Las  Vegas,  Nevada;  Secret. 


3.  "Project  Rufus  (Consideration  of  Sites  in  Alaska)  (C  Dl)";  May 
1963;  Sandia  Corporation,  Albuquerque,  New  Mexico;  Secret. 


4,  Logistical  Survey  Group  as  appointed  by  AEC-NVOO;  "Project  Larkspur 
Site  Study  Plan";  June  1963;  U.  S.  Army  Engineer  District,  Alaska, 
North  Pacific  Division,  Corps  of  Engineers;  Secret. 


5.  Arthur  M.  Piper;  "Operations  Windstorm  and  Jangle.  Geologic,  Hydror 
logic  and  Thermal  Features  of  the  Sites";  May  1952;  U.  S.  Geological 
Survey,  Portland,  Oregon;  Unclassified. 


( 


C0PY»_Z4-0P‘-- ^1^-COPIB# 
PAGE__2X.oF_iLlj»AOBa 

CONTROL 


PART  5 


ILLUSTRATIONS 


WITH  CO 


AREA  LOCATION  MAP 


saw  PHOTO  PANORAMA 
DIRECTION 


saw  PHOTO- NUMBER  a 
22  DIRECTION 


AREA  I 

PHOTO  LOCATION  OVERLAY 


FIGURE-  4 


FIGURE  5 


COLOR  PHOTO- NUMBER  S 
DIRECTION 


b 

0-1 


B  a  W  PHOTO-NUMBER  a 
DIRECTION 


24 


14  ^^3 

10  a  c-)cS  ;3Pc-3  a  iz 

®  6c-2 


+ 


POINT  OF  PHOTO  C-4 
OFF  OVERLAY  \ 


ARE, A  3^: 


..«i — 

PHOTO  LOCATION  OVERLAY 


X 


Banded  andesite  flow 


4" 


BANDED  ANDESITE  FLOW 


*  f'f-g  *  . 
_  n.  t  ^  ^  X 

ALTERED  ANDESITE  BRECCIA /iRl**  7 7  x  .  *  * 


1-  . 

_  A-  ,•  %  0  ^ 

•  ? 

Vo  ^o  •#« 

\  y-'y  ^.-" 

*.'•  •  •^"  -  - ' 

/  X  y  ,.•■./*  I*  A  X  fl  •  ®  # 

i.  *  f-^  ^ -f.  -t  7^  *  T\\  •  •  .  •  • 

<  X.  X-  Uo  <»  ,  0 


ALTERED  ANDESITE 


Andesite  breccia 


0  •  9 


\\\ 


(  0 


ANDESITE 


QUARTZ  DACITE 
+  ♦  PORPHYRY 


LANDSLIDE 
SCARP 


••*  \  ^  OLD  LANDSLIDE 

•  0  *  •  „  0  ov.NX  \  t-l 


ALTERED  DACITE  PORPHYRY 


P 

0 


0 

•  9 

O 


•  o 
0  0 


0 

9  9 
o  0 


xandesite  ^  9 
0 

•  9 


_  «  9  0 

7«  /  O  ® 

^  X  o  0 

®  d" 


+ 


EXPLANATION 


**»*«  AREAS  UNDERLAIN  BY  CONGLOMERATE 

AREAS  UNDERLAIN  BY  IGNEOUS  ROCKS 
-  LINEATIONS  INTERPRETED  AS  FAULTS 
INCIPIENT  LANDSLIDE  BREAKS 


AREA  3: 

4 

SURFACE  GEOLOGY  OVERLAY 


FIG.  6 


PROJECT  LARKSPUR 

AREA  3,  TOPOGRAPHY 
FROM  AMS  MAP  *2024  HI  NE 


FIGURE  6 


COLOR  PHOTO-NUMBER  8 
DIRECTION 


T 


C-l 

to  ^  PHOTO-NUMBER  8 
DIRECTION 


AREA  4 


PHOTO  LOCATION  OVERLAY 


lo  T 


PACIFIC  OCEAN 


SECTION  D-D  PROJECT  LARKSPUR 

AMCHfTKA  6LANO1  ALASKA 

TOPOORAPHIC  SECTION 


•SirjXXT-*P  Sxrpanp  ssot  jaaefi  on 

VOZl  q^dsp  i«qoi 

*•^961  *CT:  3nv  *8aq  003T  p3^3I*noo  Snjaoo  pue  Su^xiT^a 

•5J  031  05  L6  «oaj  XM  po:ioo 


*5J  ^6  o^  6S  raoaj  XK  po^oo 


•5gp/u*pa  zi  pojoo' 


*35/uxm  OX  po:ioo  —  | 

•5J  3C  5B  Suxseo  XN  53S 
•5gp  65  03  92  raojj  XM  po-ioQ 
•3J  92  03  aos^ans  *„8/i  9  03  pameax 


•3J  6  5f  Snxsao  xM  ^as  *3J  9Z  o3  ,,^/C  2  po»  XK  pajoo 
I  *3?  9  5e  SirjSBO  qairf-^  3a«  *3?  9  03  panjia 
I  ^961  *01  Sny  OOOt  SoTTTT^P  pa3JH3S 


00  c  o  • 
3  5  T3 

0  O  4J  0) 
M  «  U 

a  ^  <0  0 

1-4  0) 

a  -u  o  a 

(U  jc  o  S) 
^  Wi  u 
O  >k  I 
O  r-«  O.-* 
««4  r-4 

0 

■n  U  0  ^ 
0 

0  4J  «r4  j* 

N  T-i  «M  a 

t4  n  U 

to  0  <M  •rl 

•0  O  <« 

«  5  X  •• 


O  •«  -U  VI 
,0  4J  *0  3  3 
^  Vl  Ua  4J 
S  0^  X 
rH  ^0  ,0  .X  0 


•u  0  a  ^ 

4J  N  C  O  0 

a  (M  a 


IfiMlifi  1 1*1 'TlTit'i 'Tm' 

llTlTltliWitlTlliiiilTi 


PROJECT  LARKSPUR 

PLATE  5 


AREA  3, COREHOLE  64 


L  PROJECT  LARKSPUR 

_ PLATE  6 


AREA  4.  COREHOLE  64 


•310T19J00  9JLJV39  9^^  tlf  OSOt  X929A  X9.90JJJXxSjS  0^ 
*^961  0C60  pa53t*“o^  Sufjoo  pup  Suju^xa 

•^5  ZZl  05  911  'XN  po5oo 


55  911  05  ^  ‘XU  PO5O0 


aj/u-pii  01  po5O0 


aj/u-pn  57  ppjoo  '  ' 

•XJ  VS  05  9L  *XN  P05oo 
•55  2t  58  Sufspo  XK  538 
’55  8^  05  U  \iV/Z  Z  P05oo 


•  '55  LL  05  6^ 

z  pa^oo 

ppaoo  I 


•55  68  05  0€  \iVft  Z  po^oo 


55/«pa  31  Po^oo 


55/opg  1^1, 

pajoo 


•55  0€  05  S3  *5iq  qooa  tpfA  poiiTJO 
•55  S3  05  ,V\  *iiWC  3  po5O0 


*3?  o?  6  ‘axoi  ..%9  paXTTJa 
•3J  6  03  S  *.iWE  Z  PO3O0 
•aj  5  5»  Snrsso  3a«  53?  s  03  aos^ins  ‘axoq  „%9  POXTT^a 
*9961  *6Z  ^T"r  ‘*3«l  S960  SoTmap  p933B3S 
I  ol  oi  ol  01  51  pi  01 


4i  O  • 

ca  *T3  , 

>»  «  M 

«  £  9-4  <0  • 

>400^ 

Wf-I  o 

»  «  Vi  -U 

fJ  «  ►»  O  • 

4)  «0  CU  0 

M  §  Vi  -P  • 

aO  M  41  d 

C  .O  < 

P  41  **4  I 
a  O  H  44  S 

1-4  -H  C 

O  «  44  <*4 

O  O  44 


I  >3  p  p  44  fi 
t  P  aO  4J  C  r 

ibm 

I  U  O  ■«  «  I 
;  O  k  £  U  i 
I  cvua  pH  44  C 


IlljlJ  '^  <  <  <  <4 

<•<  <  <  <  <  <  < 

I<<<<<<<<<<  < 

!l]  !l{  <3  <  "^<3  < 

<j  <<<<<<< 

<  <<<<<! 

!<<<<'='<  <<<^<<1 

t>N  31dNVS 


DRILUNO  LOO  |  North  Pacific  Alaska  1 


iiniT  Inccrs 


PROJECT  LARKSPUR 


PHOTO  #  1.  PANORAMIC  VIEW  NW,  FROM  MAP  COORDINATES  145208. 

ABANDONED  MILITARY  CAMP  NEAR  NW  END  OF  ISLAND.* 


NORTHEAST  SOUTHEAST 
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PHOTO  #  4.  PANORAMIC  VIEW  SOUTHEAST  FROM  MAP  COORDINATES  248182  UPLAND  1 
TRAVERSED  BY  OLD  MILITARY  ROAD. 


NORTHEAST 


SOUTHEAST 


PHOTO  #  5.  PANORAMIC  VIEW  EAST  FROM  MAP  COORDINATES  289182.  HILLY  TERRAIN 
TRAVERSED  BY  OLD  MILITARY  ROAD. 


PANORAMIC  VIEWS,  NORTHERN  AMCHITKA  ISLAND 


PLATE  #11 


NORTHEAST 


PANORAhllC  VIE\VS,  NORTHERN  AMCHITKA  ISLAND  PLATE  #12 
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BLACK-AND-WHITE  PHOTOS 


1  -  (Plate 

2  -  (Plate 

3  -  (Plate 

4  -  (Plate 

5  -  (Plate 

6  -  (Plate 

7  -  (Platp 

8  -  Area  3 

9  -  .Area  3 

10  -  Area 

11  -  Area 

12  -  Area 

13  -  Area 

14  -  Area 

15  -  Area 

16  -  Area 

17  -  Area 

18  -  Area 

19  -  Area 

20  -  Area 

21  -  Area 

22  -  Area 

23  -  Area 

24  -  Area 

25  -  Area 

26  -  Area 

27  -  Area 

28  -  Area 

29  -  Area 

30  -  Area 

31  -  Area 

32  -  Area 

33  -  Area 

34  -  Area 

35  -  Area 


#11)  North  of  Area  1,  panorama  to  the  northwest 
#12)  Area  1,  panorama  to  the  north 
#12)  Area  1,  panorama  to  the  northwest 
#11)  South  of  Area  2,  panorama  to  the  southeast 

#11)  Between  Areas  2  and  3,  panorama  to  the  east 

#13)  Between  Areas  2  and  3,  panorama  to  the  west 

#13)  Between  Areas  2  and  3,  panorama  to  the  northwest 

;  north  of  '64-D-2  along  probable  fault  trace. 

;  northeast  of  64-D-2 

detail  of  surface  near  64-D-2 
landslide  scarp  3,000  feet  from  64-D-2 
terraced  slope 
northeast  of  64-D-2 
core  hole  site  64-D-2 
core  hole  site  64-D-2 
one  mile  southeast  of  64-D-2 
volcanic  breccia  3  miles  west  of  64-D-3 
250  feet  east  of  hole  64-D-3 
view  east  from  250  feet  east  of  64-D-3 
view  north  from  64-D-3 
north  coast  of  island 

core  hole  64-D-4  and  surrounding  terrain 
Pacific  slope  2  miles  southeast  of  Area  3 
Chitka  Cove  from  north  of  64-D-2 
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AREA  3 

LOOKING  SOUTHEAST  FROM  POINT  2000'  NORTH  OF  64-D-2  ALONG  PROBABLE  FAULT  TRACE.  LAKE  LIES  1500’  FROM 
HOLE,  NOTE  SHARP  BOUNDARY  BETWEEN  GRASSY  LAND  AND  TERRACED  LAND. 


AREA  3 

LOOKING  SOUTH  FROM  POINT  3000'  NORTHEAST  OF  HOLE  64-D-2.  TERRACED  GROUND  SHOWING  A  TYPICAL  GRAVELLY 
PATCH  IN  FOREGROUND. 


AREA  3 

DETAILS  OF  SURFACE  100'  FROM  64-D-2.  NOTEBOOK  IS  7"  LONG 


AREA  3 

LOOKING  SOUTHEAST  ALONG  SCARP  OF  LANDSLIDE  THAT  PASSES  3000*  FROM  HOLE  64-D- 


TERRACED  SLOPE  SHOWING  MOSS-COVERED  BOUNDING  DIKE.  TRENCH  REVEALED  THE  FOLLOWING  PROFILE:  BACK  EDGE 
OF  TERRACE,  7"  SAND;  MIDDLE  OF  TERRACE,  2"  PEA  GRAVEL  ON  THIN  SILT  OVER  10"  SAND;  OUTER  EDGE  OF  TER¬ 
RACE,  15"  COBBLES  IN  SILT,  ON  5"  SILT  AND  SAND;  MIDDLE  OF  DIKE,  15"  SILT;  AND  FOOT  OF  DIKE,  7"  SILT, 
BEDROCK  IS  POORLY  CONSOLIDATED  CONGLOMERATIC  SANDSTONE. 


AREA  3 

LOOKING  SOUTHWEST  TOWARD  64-D-2  SHACK  ON  MIDDLE  HORIZON  2000'.  TERRACED  GROUND  ON  UPPER  SLOPE 


LOOKING  SOUTH  FROM  BEND  IN  ROAD  Tav.nRD  SMCK  AT  64-D-2.  HOLE  IS  RIGHT  OF  S1L\CK 


LOOKINC  SOnilWEST  AT  SHACK  AT  64 


LOOKINC  NORTHWEST  ALONG  ROAD.  SHACK  ON  HORIZON  IS  AT  HOLE,  A  DISTANCE  OF  1  MILE 


AREA  4 

MILKS  N  80  W  OF  IIOLK  64-D-3.  ROCK  HAMMER  INDICATES  SCALE 
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VIEW  NORTH  FROM  300  FEET  EAST  OF  64-D-3.  EDGE  OF  GRAVELLY  PATCH  IN  FOREGROUND  REVEALS  NORMAL  SOIL 
PROFILE  OF  TUNDRA,  I.E.,  ABOUT  1  FOOT  OF  MOSS  AND  GRASS  ON  1-2'  SILT  OVERLYING  STONY,  DECOMPOSED  BED¬ 
ROCK.  POLYGONAL  PATTERN  IS  POORLY  DEVELOPED  IN  PEA  GRAVEL  TO  LEFT  AND  COARSE  GRAVEL  AT  LOWER  RIGHT. 
SURFACE  DRAINAGE  AS  SHOWN  HERE  IS  UNUSUAL.  TYPICAL  TERRAIN  IN  MIDDLE  BACKGROUND  EXTENDS  ABOUT  4000' 
TO  THE  SEA  CLIFFS  ON  THE  NORTH  COAST. 


AREA  4* 

FLOW-BANDED  ANDESITE  ON  NORTH  OOAST,  BETWEEN  AREA  4  AND  MAIN  CAMP.  PART  OF  UNIT  REGARDED 
AS  AMCHITKA  FORMATION  IN  USGS  BUL.  I028-P;  BUT  HAS  APPEARANCE  OF  LAVA  INTERBEDDED  IN  BANJO  POINT  FOR¬ 
MATION.  LOOKING <NE  TOWARD  SHIPWRECK,  1^  MILES  N  OF  CYRIL  COVE. 


AREA  I 

AREA  1  CORE  HOLE  64-D-4,  AND  SURROUNDING  TERRAIN.  VIEW  TO  NW 


PACIFIC  SLOPE  FROM  2  MILES  SOUTHEAST  OF  AREA 


CHTTKA  COVE  FROM  NEAR  HILL  NORTH  OF  HOLE  64-D-2. 


CORE  SAMPLES,  CORE  HOLE  64-D-4,  (AREA  n. 


CORE  SAMPLES,  CORE  HOLE  64-D-4,  (AREA  1) 


CORE  SAMPLES,  CORE  HOLE  64-D-4,  (AREA  1). 


CORE  SAMPLES,  CORE  HOLE  64-D-4,  (AREA  1). 


CORE  SAMPLES,  CORE  HOLE  64-D-2,  (AREA  3). 


CORE  SAMPLES,  CORE  HOLE  64-D-2,  (AREA  3). 


CORE  SAMPLES,  CORE  HOLE  64-D-2,  (AREA  3). 


CORE  SAMPLES,  CORE  HOLE  64-D-3,  (AREA  4). 


CORE  SAMPLES,  CORE  HOLE  64-D-3,  (AREA  4) 


CORE  SAMPLES,  CORE  HOLE  64-D-3,  (AREA  4). 


CORE  SAMPLES,  CORE  HOLE  64-D-3,  (AREA  4). 


K 


AREA  3 

PHOTO  C 
PHOTO  C 
PHOTO  C 
PHOTO  C 
PHOTO  C 
PHOTO  C 

area  4 

PHOTO  C- 
PHOTO  C- 
PHOTO  C- 
PHOTO  C- 
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COLOR  PHOTOS 

-  See  Figure  6 

-1  Drill  site,  core  hole  64-D-2,  view  to  east 

-2  Drill  site,  core  hole  64-D-2,  view  to  north 

-3  Drill  site,  core  hole  64-D-2,  view  to  south 

-4  Three  miles  southeast  of  64-D-2,  view  to  northwest 

“5  Slide  northeast  of  64-D-2,  view  to  southeast 
-6  Slide  northeast  of  64-D-2,  view  to  southeast 

-  See  Figure  7 

■1  Drill-site,  core, hole  64-D-3,  view  south 
■2  Drill-site,  core  hole  64-D-3,  view  east 
•3  Drill-site,  core  hole  64-D-3,  view  west 

■4  One-half  mile  northwest  of  core  hole  64~D-3,  view  northwest 
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APPENDIX 


REPORT  OF  HIGH.  PRESSURE 
TRIAXIAL  ROCK  TESTS 


1.  Introduction 

This  appendix  presents  the  results  of  a  series  of  high  pressure 
triaxial  tests  on  rock  core  samples  from  exploration  drilling  on 
Amchitka  Island.  The  purpose  of  these  tests  was  twofold,  first,  to 
determine  elastic  constants,  water  contents,  and  specific  gravities 
of  the  rock  samples;  and  second,  to  develop  and  test  a  method  for 
reliable  determination  of  elastic  constants  by  means  of  high  pressure 
triaxial  equipment  and  precise  volumetric  control.  This  work  was 
performed  by  Alaska  District,  Corps  of  Engineers  during  the  period 
from  October  1964  to  March  1965. 

2.  Materials 

a.  The  rocks  tested  are  described  and  shown  in  photographs  in 
the  main  report  preceeding  this  appendix.  A  brief  description  for 
each  sample  from  the  geologic  report  is  sho^m  in  Figure  1. 

b.  Formations  varied  from  very  weak  conglomerates  in  Area  3 
and  somewhat  firmer  breccias  in  Area  4  to  relatively  hard  and  firm 
welded  tuffs  and  breccias  in  Area  1,  The  harder  materials  in  Area  1 
furnished  relatively  good  cores  suitable  for  testing;  whereas,  the 
softer  materials  in  the  other  areas  furnished  less  suitable  test 
specimens. 

3.  Testing  Equipment 

a.  A  schematic  diagram  of  basic  equipment  is  shown  in  Figure  2. 

Photographs  of  equipment  are  Included  in  Figures  19  through  22. 
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b.  Hydraulic  System: 

The  basic  unit  for  these  tests  is  a  triaxial  chamber  designed 
and  built  by  the  Corps  of  Engineers,  Missouri  River  Division  Laboratory 
for  testing  NX  rock  cores  at  lateral  pressures  of  up  to  10,000  psi. 

To  this  unit  is  attached  a  hydraulic  volume  measuring  device  consisting 
of  a  cylinder  containing  a  piston  on  a  threaded  shaft.  Volume  measure¬ 
ment  is  accomplished  by  calibration  of  cylinder  area  and  piston  posi¬ 
tion  as  indicated  by  thread  count.  Also  attached  to  the  chamber  is 

O 

a  dead  weight  gage  for  measurment  of  lateral  pressure.  The  chamber, 
volume  meter,  and  dead- weight  gage  comprise  the  basic  hydraulic 
system. 

The  triaxial  chamber  consists  of  a  headblock  with  spherical 
seat  to  receive  the  specimen  cap,  to  which  is  threaded  a  cylindrical 
chamber  sleeve,  which  encloses  the  specimen  and  confining  fluid,  and 
moves  axially  along  the  chamber  base  during  the  progress  of  a  test. 

The  inside  surface  of  the  chamber  sleeve,  in  contact  with  the  base,  is 
a  honed  cylinder  of  3.000  inch  I,D, 

The  chamber  base  supports  the  specimen  and  guides  the  chamber 
sleeve  during  axial  motion.  Teflon  chevron  seals  on  the  base  serve 
as  a  seal  for  the  hydraulic  fluid.  The  base  is  tapped  for  connection 
of  hydraulic  systems. 

During  calibration  runs  and  early  tests  the  chamber  base  and 
volume  meter  were  rigidly  connected  by  a  short  steel  nipple.  Because 
of  possibility  of  fatigue  of  this  nipple  due  to  repeated  torque 
produced  by  volume  meter  adjustments  at  high  pressure,  the  volume 
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meter  was  removed  from  rigid  contact  with  the  chamber  base  and  a  support 
for  the  meter  was  attached  to  the  loading  machine.  The  meter  was  then 
connected  to  the  base  with  a  high  pressure  hydraulic  hose.  The  dead 
weight  gage  is  connected  by  steel  tubing  to  the  volume  meter  base. 

Sealing  of  connections  within  the  hydraulic  system  is 
accomplished  with  "0"  rings,  teflon  tape  on  threaded  connections,  and 
teflon  chevron  seals  on  piston  assemblies  of  volume  meter  and  chamber 
base. 

c.  Measuring  System; 

Axial  motion  is  measured  as  the  average  of  the  readings  of 
2  Ames  dials,  reading  to  0.0001  inch,  which  are  mounted  on  opposite 
sides  of  the  chamber  sleeve  and  are  referenced  to  the  lower  platen  of 
the  loading  machine.  Axial  loading  is  measured  by  the  helicoid  diafs 
of  the  400,000  pound  capacity  loading  machine.  Lateral  pressure  and 
volume  change.^ are  measured  by  the  dead  weight  gage  and  the  volume  meter 
respectively. 

d.  Hydraulic  Fluid; 

Three  fluids  were  used  in  preliminary  calibration  runs. 

These  were  glycerine,  hydraulic  oil  and  mercury.  Glycerine  was  rejected 
because  it  fouled  the  equipment.  Hydraulic  oil  was  rejected  because  of 
difficulty  in  de-airing.  All  tests  on  rock  samples  were  run  using 
mercury  as  hydraulic  fluid. 

e.  Environmental  System; 

The  test  apparatus  is  set  up  in  a  controlled  temperature 
room.  Temperature  control  is  effected  by  means  of  thermostatically 
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regulated  cold  water  flow  in  a  coil  system  across  a  fan-fed  warm  air 
intake.  A  perforated  false  ceiling  serves  as  a  plenum  for  air  Intake 
and  perforated. low  wall  sections  expel  air.  Variation  of  temperature 
during  tests  was  generally  less  than  1  degree  fahrenheit.  The  system 
can  be  altered  to  provide  controlled  temperatures  below  freezing. 
Further  refinement  of  temperature  control  is  possible  but  was  felt 
to  be  unwarrented, 

4.  Testing  Methods 

This  equipment  is  adaptable  to  several  possible  test  methods. 

The  initial  concept  of  testing  envisioned  multi-stage  trlaxlal  testing. 
Six  of  the  13  tests  were  run  in  this  manner.  The  remainder  of  the 
tests  were  run  as  single  stage  triaxial  tests  at  constant  lateral  pres¬ 
sure.  Review  and  analyses  of  test  data  indicate  the  possibility  that 
the  Bulk  Modulus  may  be  determined  by  means  of  lateral  pressure  alone, 
a.  Multistage 

Tests  were  carried  out  in  accordance  with  the  following 
procedures: 

(1)  Prepare  specimen  as  described  hereafter  and  place  in 
test  chamber. 

(2)  Fill  chamber  with  hydraulic  fluid  by  means  of  vacuum 

p\jmp . 

(3)  Close  connection  valves  and  -bring  head  of  loading  machine 
down  on  chamber  until  dead  weigjht  gage  -jindicates  desired  lateral 
pressure  for  first  stage  of  test. 
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*  (4)  Continue  loading  until  load  dials  on  loading  machine 

indicate  an  increase  in  load  upon  contact  with  specimen,  meanwhile 
maintaining  constant  lateral  pressure  by  adjusting  volume  meter. 

Record  constant  load  dial  reading  prior  to  contact. 

(5)  Zero  Ames  dials  and  read  initial  volume  meter  reading, 
initial  load  dial  reading,  and  time. 

(6)  Increase  axial  load,  maintaining  constant  lateral  pressure 
by  adjustment  of  volume  meter.  At  selected  strain  increments  read 

.  axial  load,  volume  meter,  Ames  dials,  and  time. 

(7)  Upon  completion  of  a  series  of  readings  at  one  lateral 
pressure,  increase  lateral  pressure  to  next  selected  level  by  simul¬ 
taneous  increase  of  axial  load  and  adjustment  of  volume  meter,  as 
required  to. hold  constant  Ames  dial  readings.  When  desired  lateral 
pressure  is  reached  read  axial  load,  volume  meter,  Ames  dials,  and  time. 

(8)  Repeat  steps  6  and  7  for  each  level  of  lateral  pressure. 

b.  Single  stage  test  procedure  conforms  basically  to  steps  1 

through  6  of  multistage  test.  ' 

c.  Lateral  pressure  test  for  Bulk  Modulus  determination;  Calibra¬ 
tion  of  volume  change  of  hydraulic  system  versus  fluid  pressure  was 
attempted.  Resulting  curves  (figure  17)  show  significant  effect  of  air 

compression  up  to  3,000  psi.  Above  3,000  psi  the  curves  were  parallel, 

( 

indicating  that  entrapped  air  wa^  reduced  to  insignificant  volume.  Bulk 
Moduli  determined  by  single  stage  and  multistage  tests  are  in  the  range 
’of  0.3  to  1,0  X  10^  psi. 
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Comparison  of  Bulk  Moduli  and  calibration  curves  indicates  that 
the  specimen  volume  changes  which  would  result  from  pressure 
variations  above  3,000  psi  would  be  large  enough  to  be  measurable 
within  the  potential  accuracy  of  calibration, 
d.  Preparation  of  Specimens: 

Specimens  for  testing  were  selected  to  provide  a  minimum 
finished  length  of  4.3  inches,  a  limitation  dictated  by  chamber 
configuration.  Samples  were  considered  suitable  for  testing  if 
they  were  in  one  piece,  or  if  they  exhibited  a  clean  sharp  fracture 
along  a  nearly  horizontal  plane.  The  specimens  selected  for  testing 

J 

were  cut  to  provide  square  and  smooth  ends,  measured  and  weighed, 
and  surface  voids  and  chips  were  patched  with  plaster  of  Paris. 

The  specimens  were  then  wrapped  in  a  protective  cover  of  heavy  sheet 
plastic  (one  or  two  layers),  and  inserted  in  a  membrane  consisting 
of  a  section  of  motorbicycle  innertube.  For  the  first  7  tests  the 
specimens  were  saturated  by  submergence  in  a  vacuum  chamber  for 

several  hours.  The  specimen  cap  and  pedestal  were  installed  under 

) 

water.  Early  test  results  seemed  to  indicate  unusually  high  Poisson* s 

cr* 

ratios  and  it  was  suspected  that  supersaturation  was  taking  place 
upon  specimen  consolidation  under  load.  This  would  produce  high  pore 
pressures  which  could  not  be  measured,  and  would  also  result  in 
indication  of  zero  volume  change  (i.e,,  Poisson's  ratio  of  approxi¬ 
mately  0.50)  during  strain  with  constant  lateral  pressure.  These 
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characteristics  might  represent  a  reasonable  facsimile  of  in-situ 
rock  behavior  under  high  rate  loading;  however,  in  order  to  o'btain 
results  which  would  correlate  with  Elastic  Modulus  determinations  by 
other  methods,  and  which  mi^t  be  more  representative  of  rock  behavior 
under  shock  loading  or  slow  rate  loading,  specimens  for  test  numbers 
8  through  13  were. allowed  to  dry  to  a  saturated, surface  dry  condition 
prior  to  testing.  The  saturated  surface  dry  moisture  content,  is 
near  the  as-received  moisture  content  for  most  specimens.  Dry 
weights  and  specific  gravities  were  not  obtained  for  specimens  from 
test  numbers  2  through  8. 

5.  Computations  and  Derivations  of  Formulas 

a.  Basis  of  computations 

Determination  of  elastic  constants  is  predicted  upon  the 
assumption  that  these  rocks  are  homogenous  isotropic  substances 
which  act  in  accordance  with  Hooke's  law.  The  linear  stress-strain 
curves  obtained  in  tests  of  the  stronger  specimens  indicate  that,  for 
these  specimens,  this  assumption,  is  reasonable.  However,  this  assump¬ 
tion  of  elastic  behavior  for  the  weaker  specimens  is  disproved  . 
as  evidenced  by  Poisson's  ratios  in  excess  of  0.5. 

b.  Symbols  and  Notations 

P  s  Axial  Load  on  Chamber  kips 

P^»  Axial  Load  on  Chamber  prior  to  solid 

contact  with  specimen  kips 
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=  Cross  Section  Area  of  Specimen 

sq  in 

Ac 

/ 

=  Cross  Section  Area  of  Chamber  Sleeve 

sq  in 

<3*, 

=  Axial  Stress  on  Specimen 

psi 

=  Lateral  Stress  on  Specimen 

.psi 

V 

.=  Volume  of  Specimen 

cu  in 

H 

=  Height  of  Specimen 

in 

D 

=  Diameter  of  Specimen 

in 

R 

=  Radius  of  Specimen 

in 

E 

=  Young's  Modulus 

psi 

=  Poisson's  Ratio 

K 

=  Bulk  Modulus 

psi 

£ 

=  Axial  Strain 

M 

=  Volume  Meter  Reading  Converted  to 

cu  in 

c.  Stress 

Net  unbalanced  axial  stress  (deviatbr  stress)  «  rx-  rr 
P*  o^Ae  +  (<A"63)A5  +  ^t'iciion  *  ^ 

but:  c^Ae’^friciion  »  P, 

fl^eref-orer  rq-tiZj,  P~R  ("iN 

As 

d.  Axial  Strain, 

.  C2) 

Ah  is  measured  by  Ames  dials  but  readings  must  be  corrected  by 
subtracting  calibrated  axial  deformation  of  chamber  assembly  (figure  16), 

e.  Young ^s  Modulus,  E 

where  points  A  and  B  are  any  selected  points  on  a  plotted 
stress- strain  curve.  E  was  determined  graphically  from  curves  fitted 
to  plotted  points. 

f.  Radial  Strain  and  Volumetric  Strain 

Skin  approximation  was  used  to  simplify  computations  as  the 
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t 


error  would  be  very  small. 


Assuming  volume  decrease  is  positive: 

AV  -  2TrAR  HP.  (4) 


The  Hydraulic  volume  meter  measured  total  change  taking  place  within 

< 

the  chamber,  including  (at  any  constant  O^)  decrease  in  chamber  volume 
due  to  chamber  shortening  with  specimen  strain,  and  increase  in  chamber 


volume  with  volume  decrease  of  specimen: 


-AM  = 

f 

Volume 

Mcfer 

CPianjff 

(increased 

reading 


-  AN  Ac 

I 

Volume 
decfease  in 

chaimber 
wl-th  sfrain 


“ZttARHR. 

Volume 
decrease  In 
chamber  due 
fo  increased 
radius  of 

specimen 


-h-irR^AH  ^5) 

/olun^e  increase 
in  ctiAirtber  due 
to  axial  sJ'or+enlnj 
of  sf>ccivner* 


tu-t  AV^-ttR^AH  -  2Tr4RH,  So  iha-t 
“AM  * -AHAc-^- AV  and  ^v/=  AWAc’ AK\  ('6) 
tearr<xr\(^\Y\<^  i«rnnS  ,  f4)  and  5c^5fi  tu+ln^  f  on  (2) 

AR»  4^- 


andAW  were  determined  between  end  points  selected  for  determination 


of  Young's  Modulus  (E),  In  multistage  tests  the  calibrated,  chamber 


volume  change  with  change  of  lateral  pressure  (^3)  was  a  factor  also 


included  for  determinations  of  volume  change, 
g.  Poisson's  ...Ratio 

AR 

^  R  by  definition. 


h.  Bulk  Modulus 

B  ^ 

K  *  3 (I-  2^)  " 


by  elastic  theory. 


i.  Accuracy  of  Measurements: 

Indicated  limits  of  accuracy  for  the  various  measurements  are 
as  follows: 

Axial  Load  "P"  (lbs.)  1  200  ^  .005 'P 

Lateral  Pressure  "^3"  (psi)  ^  .001  <5“ 3 

Axial  deformation  (inch)  ^  .0002 

Volume  Meter  Change  "AM"  (cu.  in.)  ^  .001 
Using  these  values  in  combination  to  provide  maximum  possible 
error,  and  applying  them  to  the  stress-strain  curve  and  volume  data  of 
test  No.  11,  results  in  a  possible  error  of  measurement  of  ^  3%  for 
Young's  Modulus  and  ^  1%  for  Poisson's  ratio. 

Loading  of  specimens  was  quite  rapid,  with  load,  volume,  and 
strain  readings  being  taken  at  approximately  1  minute  intervals.  It 
was  found  in  one  test;  that,  after  an  increment  of  axial  load  was  applied 
volume  meter  adjustments  were  required  at  a  uniform  rate  of  about  0.003 
cubic  inches  per  minute  in  order  to  maintain  constant  axial  strain, 
constant  lateral  pressure,  and  constant  axial  load.  This  rate  is 
considered  representative  for  all  tests.  The  direction  of  this  required 
adjustment  Indicated  hydraulic  fluid  leakage,  or  specimen  consolidation. 
Leakage  of  this  magnitude  was  not  observed  during  the  progress  of  the 
tests,  and  it  is  concluded  that  this  effect  is  largely  the  result  of 
specimen  consolidation  or  creep.  There  was  no  tendency  for  axial  creep 
upon  application  of  load,  as  evidenced  6y  constant  Ames  dial  readings, 
thus'  any  consolidation  or  creep  which  occurred  would  have  been  radial; 
i.e.,  at  right  angles  to  principal  stress. 
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In  any  case,  adjustment  of  volume  change  readings  to  an  instantaneous 
value  on  the  basis  of  the  observed  rate  of  creep  or  consolidation 
would  result  in  tabulated  Poisson's  ratios  approximately  507.  greater 
than  shown,  and  would  result  in  an  increase  in  Bulk  Modulus.  Thus 
it  appears  that,  for  these  rocks,  the  time  rate  of  loading  has  a 
significant  effect  on  the  determination  of  elastic  constants;  and 
that  the  results  obtained  in  these  tests  are  applicable  to  rapid  but 
not  instantaneous  loading. 

6.  Test  Results 

a.  Summary  sheet  is  shown  on  Figure  No,  1  and  individual  test 
results  on  Figures  3  through  11. 

b.  Multistage  tests. 

The  intent  of  this  procedure  was  to  obtain  values  of  elastic 
moduli  at  several  lateral  pressures.  The  samples  that  were  selected 
at  random  for  these  tests  were  some  of  the  least  uniform  and  weaker 
specimens.  Test  No.'s  1  and  2  were  lost,  as  far  as  data  is  concerned, 
because  of  membrane  failure  upon  application  of  lateral  pressure.  This 
problem  was  eliminated  in  subsequent  tests  by  the  use  of  a  layer  of 
protective  plastic  sheeting  under  the  membrane.  Test  No.'s  3,  5,  6 
and  7  followed  this  procedure.  At  low  pressures  these  samples  developed 
a  relatively  low  Modulus  of  elasticity.  In  making  strain-controlled 
transitions  from  one  lateral  pressure  to  another,  internal  stress 
reversals  take  place  within  the  specimen.  These  stress  reversals, 
together  with  the  high  lateral  pressure  used  and  prolonged  strain  at 
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each  pressure,  tended  to  break  down  the  sample  structure  causing 
remolding  and  reconsolidation.  Multistage  testing  was  discontinued 
after  test  No.  7. 

c.  Single  stage  tests. 

The  first  single  stage  test  was  test  No.  4.  This  test  was 
run  with  1000  psi  lateral  pressure  on  half  of  sample  No.  14  from 
Hole  No.  64-D-3  (Area  4).  The  other  half  of  sample  No.  14  was  used 
in  test  No.  3,  a  multistage  test.  Poisson's  ratio  resulting  from 
this  test  was  in  excess*  of  0.5,  indicating  nonelastic  performance. 
Failure  was  by  shear  failure  on  a  steep  plane.  Dilation  during  shear 
would  account  for  the  high  Poisson's  ratio.  ^Test  No.  10,  a 
single  stage  test  run  at  10,000  psi  lateral  on  sample  No.  8 
from  Hole  No.  64-D-2  (Area  3),  exhibited  a  similar  failure  without 
developing  appreciable  strength.  Poisson's  ratio  determined  over  on 
5  minute  interval  of  this  test  was  0.4. 

Specimen  performance  more  nearly  conforming  to  elastic  theory 

was  exhibited  by  samples  from  Hole  No.  64-D-4,  in  test  No.'s  8,  9,  11, 

12  and  13.  These  exhibited  characteristics  conforming  to  thje  elastic 

theory  within  lower  limits  of  4s£onii^tlon  and  gave  the  following  values 

Poisson's  Ratio  0.19  to  0.39 

Young' s' Modulus  0.60  to  0.90  x  10^  psi 

Bulk  Modulus  0.34  to  0.91  x  10®  psi 

Values  obtained  from  sample  1  (Breccia)  are  doubtful  because  the 

sample  was  variable  in  composition,  and  the  elastic  limit  was  probably 

exceeded  early  in.  the  test. 
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7.  Discussion 


a.  Laboratory  tests  to  be  of  great  value  must  simulate  field 
conditions.  This  may  be  very  difficult  if  not  impoasible  to  do 
'when  bedrock  is  highly  variable,  faulted,  and  fractured.  At  least 
for  such  conditions,  acceptable  values  would  require  a  statistical 
study  using  a  large  number  of  test  specimens  having  similar  properties. 
Because  of  the  very  small  number  of  acceptable  test  specimens  the 
greatest  value  of  the  test  results  will  be  to  provide  interpreted 
comparisons  with  the  field  seismic  determinations.  Test  values  are 
indicative  of  properties  of  certain  materials  under  certain  load 
conditions,  but  they  do  not  represent  acceptable  values  for  all 

rocks  at  the  sites. 

b.  Some  tentative  conclusions  can  be  drawn  that  may  influence 
future  test  programs.  Elastic  limit  determinations  are  dependent 
upon  certain  characteristics  of  the  testing  procedures  as  well  as 
upon  the  variable  properties  of  the  test  specimen.  Sample  variations 
such  as  degree  of  saturation,  differences  in  moisture  content  between 
specimens,  preconsolidation  or  other  residual  locked  in  rock  stresses, 
are  examples  of  variations  possible  in  different  test  specimens. 

Rate  of  loading,  recycling  techniques,  allowable  axial  strain  and 
the  use  of  lateral  loading  versus  vertical  loading  will  also  affect 
the  elastic  limit  determinations.  Equipment  of  the  type  used  in 
these  tests  is  adaptable  for  testing  these  variables  as  well  as 
performing  the  lateral  pressure  test  for  Bulk  Modulus  determination, 

I 

as  described  above. 
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c.  A  curve  (Figure  18)  is  included  which  indicates  an  apparent 
variation  of  Poisson's  Ratio  and  Young's  Modulus  with  recycled 
loading  on  test  number  8,  and  with  2  different  proportional  stress- 
strain  relationships  obtained  in  test  number  13.  A  series  of 
recycled  load  tests  might  indicate  a  significant  relationship  to 
exist  between  th^e  constants. 

d.  Regardless  of  confining  pressures  the  elastic  properties 
need  to  be  determined  within  relatively  limited  ranges  of  axial 
strain.  In  these  tests,  even  though  the  test  specimen  showed  no 
evident  signs.'Of  failure  following  the  test,  the  elastic  limit  had 
been  exceeded  with  axial  strains  in  the  order  of  0.5  percent.  If 
this  relationship  is  true  for  all  confining  pressures,  as  it  appears 
to  be,  then  the  elastic  properties  of  the  rocks  may  not  be  constant. 
Instead  they  might  vary  with  the  confining  pressure.  This  could  be 
a  very  worthwhile^  subject  for  additional  investigations,  and  the 
available  equipment  could  be  utilized  for  tests  of  this  nature. 
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SUMMARY  OF  SPECIMENS  AND  TESTS 
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■■■■■■■■■■■■■■■■■■■■■■■■■■WifH«T«M5«BaaB»«a'gHaijWBBBBBBBBBBBI 

■■■■■■■■■■■■■■■■■■■■■■■■■■igMMaMBMMgaaaaagBBBgnaiayBBBBBBBBBBBBBi 

BBBBBBBBBBBBBBBBBBBBBBBBBBgBBBBBnBBBBUBBBUBBBBBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBBBBBBBBBfiiaBgBBrSBB^B»BBBgBBBBBB|BBBBBBBBBBBBfll 

iBBBBBBBBBBBBBBBBBBBBBBBBBBtfBBirBBgBBaBBBBBBBBBBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBBBBBBBBBgBBS;BBiaBBSB«:BBBBBBBBBBBBBBBBflBBBBBi«l 
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■■■■■■■■■BBBBBBBBBBBBBBBBBBBBgBBWBBgBaBBBBBBBBBBHBBBBBBBBBBBBBI 
BBBBBBBBBBBBBBBBBBBBBBBBBB«BBISBB.lBBVB£BBBBBBBBBl<inBBBBBBBBBBBBB 
BBBBBBBBBBBBBB'liaBBBBBBBBBBflBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

bbbbbbbbbbbbbbsbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbi 

■BBBBBBBBBBBBBKBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

■BBBBBBBBBBBBB.VBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB: - 

■■■■■!nBBBBB5:BBBSBBBHaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBSa 
BBBByilBBB,'9BBSBBBS'BBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBflBBBBBaa 
BBBBSlIBBISv'JIBiSai^aaHaBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBB 
BBBBia  IBBBBBBBBKBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBB 
BBBBBIBBBfiBBUBilBHBSBBBBBBBBaBBBBBBaBBBBBBBBaBBBBflBBBBBBBBBBBBB 
BBBBIIIBaaBBBaB'liBiSB^aBBBBBBBBBBBBBBBBBBBBSBBBBBBBBBBBBBBBBBBBBBI 
■■■■2liaar<5BBKB;tKlgBaBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBaBBBB| 
BBBBilBBI!><BBMBBBtlB2.BBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBB 
iBa—gllBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
iBBBBailBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBISBBBBBBBBBBBBBBBBBBBBBI 
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BBBBffllBaBaBBBBaBaBBBBBBBBBBBBaBBBBBBaBBBBBBBBBBBaBBBBBBBBBBBB7 
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■BBBBIMBBBBaBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI - 
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BBBIliillBBBaBBABSiiBKBBBBBBBBBBBBBBBBBflBBBBBBBBBBBaBBBBBBBBBBBBBBBBI 
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BBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBSfBBaBBBBBBBBBBBr — 

BaBBBBBBBaBBBBBBBBBBrSSSrBBBBBBBaaBBBBBBBBaSSBSBBBaaaBBBBBaBBBBBBBBL _ 

~BBBBBBBBBBBBBBBBBBBaBl9&ISBBBBBBBBBBBBBBBBBliBfaiSBBIBBiiBBBBBBBaBBaBBaBBBBB 
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BBBB^lIBBBBBBBBBBBBBBlBliSaiSBBIlBBBCJBBIJaBaBBSriSKfSaaKilBBaBUBRBaBBBBBBBSiBaBBB 
BBBBTIIIBBBBBBBBBBBBaBl9lBI9S9BBUBBBIIBBIIBBBBBBIIBI!BaffKillBBffB9BBBBaBBBBBBa;BBBaB 
BBaBf;iiaBBBBaBaBBBBBBiCliSiaii!0BIIBBBIIBBIIBBBBBBMBi;aiaK«illBBnB«SBBBBBBBB;<»:BBaBBBBB 
3BBB«IIBBBBBBBBBBBaBBBBIIBBBIIBBBIIBBIIBBBBBBIIBBBaBBBBBRBNB<iBBBBaBSBBBBBBBB 
BBBBailBBBBBaBBBBBBBBBBUBBBlIBBBlIBBBBBBBBBlIBBBBBBBBBBBUBSBBBBBBaflBBBBBBB 
BaMSIIIBBBBBBBBBBBBBBBBIIBBBII^BBIIBBi!;BBBaBBIIBBBBBBBBBBB!lBlfBBaBBBBBB.«;BBBBB 
BBBtSBBBBBBBBBBBBBBBBBBlIBBBHirBBlIBBllBBaBBBlIBBBBBBBBBTiflvBnBBBBBBBBBaiBBBBB 
BBBBli;aBBBBBBBBBBBBBBBBUBByBEiBBIIBBI!BBBBBBUBBBBBBBBBRa5SBBBBBBBBBBBia(BBBBB 
BBBBBaaBBBBBBBBBBBBBBBl'BBSBnBailBBHBBBBaBnBBBBBBBBBVBIrBlsBBBBBBBBBSBBBBB 

BBBBKBISBBBBBaaBBaBBaBBPBB1iaiCBBaBBsBBBaBB«BBBBBBBBBBBilBaBBaBBBB - 

~BBBSinKBBBBaBaBBBBaBB«>aa!!BnBBUBBSBBBBBB%BBBBBBaBBBBaBaBaBBBBBBaBai 

I_BBBi£IIBBKBBBBBBBBBBBBB:SBBBiiiBBL>BBnBBBBBBi;;BBBBBBBBBBBBBBBBBBBBBBBBBI 
BBBBailBaBB!«BaaBBBBBBBas:BBUBaBB«BBllBBBBBa!iBBBaBaBBaBaBBBBBBBBaa[BBBBI 

BBaBOlIBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBSBBaiBL _ 

BBBBgllflBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBl 
BBBBi;inBBBBBBaBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBli!BBBBBl 
BBBailBBBBBBBaffSaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBB - 

I-BBBBilBBBBBBBaaeiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBaaBBBBBa _ 

BBBBUlIBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBaiBBaBB 
BBBBVIlBBBBBBBBBBBISaBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBaBBBBB 
BBBBailBBBBBBBBBBBaiSaaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBaSBaaaB 
BBBBlIBBBBBBBBBBBBBlii’JBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBKBBBBB 
BBB«IIBBBBBBBBBBBBBBKBBBBBBBBBBBBBBBBBBBaBBaBBaaBBBBBBBaBBBBB¥BBeBBBBB 
BBBBVIlBBBBBBBBBBBBaBBKaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBiSBBSBBBBB 
BBBBBlIBBBBBaBBBBBaBBBBaaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaaBBlIBBBBB 
aBBBBlIBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBliBaBBB 
BBBBBlIBBBBBBBBBBaaBBBBBaiS'JBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBaBBBBBBPBBBBB 
BBBBBiiBBBBBBBBBBBBBBBBBBBBSIBBBaBBBBBaBBaaaBBBBBBBBBBBBBBBBBBBBBBSBBaBa 
BBBBBlIBBBBBBBBBBBBBBBBBBBBB^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBB 
BBBBiniBBBBBflBBBBBflBBBBBBBflBBiSBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

BBBiSlIBBBBBBBBBflBBBBBBBBBBBaBliroBBBBBBBaBBBBaaaBBBBBBBBBBBBBBBBB - 

BBBSlIBBBaBBBBBBBBBBBBBBBBBflBBfiBBBBBflBBBBflflBBBBBBBBBBBBBBBBBBB _ 

BBBBUliaBBBBBBBBaBBBBBBBBBBBBBBBISBBBBBBaBBBflBBBBBflBBBBBBBBBBBBVflBaBflBBB 
BB!lllTrmaBBBBBBBBBBBBBBBBBBBBBBBBBKaBBaaBaBBBBBBBBBBBBBBBBBBBBB«'BB2BBaBB 
BBiSHgllBBBBBBBBBBBBBBBBBBBBBBBBBBBKBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBgiBBBBB 
BBnilBlIBBBBBBBBBBBBBBBBBBBBBBaaflBBBti-BBflBBBBBBBBBBBBBBBBBBBBBBBBBBliBBBBa 
flBssnBinBBBBBBBBBBBBflBBBaBBBflBBBBflaBBBBBBBBBBBBBBBBBflBBBBBBBBBBBBBflBBBB 
BBSilBIMBBBBBBaaBBBBaBBBBBBBBBBBBBBflBBBBBBBBBBBBBBaBBflBBflBBBBBBBBBBBBBB 
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BBBIIBjlBBBBBBBBBBBaBBBBBaBBBBBBBBBBBBflflBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
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